Objective: To test the hypothesis that overweight and central fat distribution make people look older and have poorer health. Design: We asked 201 male and 161 female observers aged 28 ± 67 y with body mass index (BMI) 17 ± 45 kgam 2 , to estimate the age of eight silhouette photographs of female volunteers with known BMI and waist and hips. Silhouette photographs were presented individually and grouped in three trios for analysis: trio A, each subject had waist to hip ratio 0.7, BMI for each subject was 22, 24, 29 kgam 2 ; trio B, each subject had BMI 22 kgam 2 , waist to hip ratio for each subject was 0.66, 0.73, 0.99; and trio C, each subject had BMI 29 kgam 2 , waist to hip ratio for each subject was 0.76, 0.88, 0.99. The observers were then asked to judge the likelihood of developing heart disease, health and longevity of the silhouettes which were presented in four pairs controlling either for BMI or waist to hip ratio. Results: The age of a silhouette with BMI 22 kgam 2 was estimated to be 35 y, 24 kgam 2 to be 45 y, and 30 kgam 2 to be 55 y, when waist to hip ratio was matched at 0.7. When BMI was controlled at either 22 or 29 kgam 2 , higher waist to hip ratio led to a greater age estimation. An increase from a 65 cm to 88 cm waist circumference led to an estimate of 25 y older. Narrow hips was also judged as older. The silhouettes judged the more likely to be healthy and live longer were those with the lower waist to hip ratio (by 70% observers), and the lower BMI (by 90% observers). Waist to hip ratio appeared less in¯uential when BMI of the silhouettes was high. The observers' own BMI, age or sex had little in¯uences on their assessments of the age and health status of the silhouette photographs. Conclusions: Using novel sets of silhouette photographs, it was shown that overweight or central fat distribution and narrow hips suggest a person is older and has poorer health: People with BMI 29.7 kgam 2 appear to be 15 ± 18 y older than those with BMI 22.2 kgam 2 , each extra cm on the waist makes women appear to look a year older, and progressively less healthy. BMI and age of the observers had little in¯uences on the ®ndings.
Introduction
There is abundant evidence for the associations of obesity and central fat distribution with a variety of chronic illnesses and impaired quality of life Manson et al, 1990; Rissanen et al, 1990; Seidell et al, 1986) and premature death (Gar®nkel, 1992) . Efforts have been made to raise public awareness of these risks but it is not known if the standard body mass index (BMI) cut-offs have meaning for the general public, and awareness of fat distribution is in its infancy.
Previous studies have used non-standard cartoon drawings to assess subjects' perception of their own and others' body image and associations with attractiveness, fertility and health (Furnham & Alibhai, 1983; Hill & Silver, 1995; Leonard & Barry, 1998; Singh, 1994; Wardle et al, 1995) . The cartoon ®gures are often drawn in exaggeration, therefore extrapolating the ®ndings from these studies to real life situations may not be appropriate. This present study therefore developed a novel set of silhouette photographs to examine the in¯uences of overweight or central fat distribution on perceptions of age, health and expected life span.
Methods

Observers
A sample of 201 men and 161 women were recruited by letter and telephone from those who participated in the fourth Glasgow MONICA Coronary Risk Factor Survey one year previously. Quota sampling was used to ensure a range of age (mean 51.8, range 28.0±67.2 y) and BMI (mean 27.7, range 17.1±44.9 kgam 2 ) . The observers' weight and height were measured according to standard methods (World Health Organization, 1995) . frontal and side views. Subjects wore swimming costumes to capture the contours of the body and a shower cap to mask different hair styles and stood with standardised posture. The silhouette photographs were projected proportionally by computer to standardise height in the images (Figure 1 ).
Application of silhouette photographs to assess age Eight silhouette photographs of females were used to make up three trios (namely, one of the silhouettes in trio A was the same as one of the silhouettes in trio B): (1) trio A was matched for waist to hip ratio (0.7), with increasing BMI; (2) Trio B was matched for low BMI (22 kgam 2 ); and (3) trio C was matched for high BMI (29 kgam   2 ). These latter two trios had varying waist to hip ratio. The silhouette photographs were presented individually and randomly to the observers. Each time before making the decision, the observers were instructed to look speci®cally at the size and shape of each ®gure carefully, in answering the questioǹ How old do you think this woman is?' Application of silhouette photographs to assess health status and longevity The same eight silhouette photographs used to study age were arranged into four pairs that were matched for either BMI with different waist to hip ratio, or matched for waist to hip ratio with different BMI. In order to ascertain the consistency of assessment of health status, the observers were presented each pair of silhouette photographs randomly, and asked to choose a ®gure in each pair in response to three questions in separate rounds:`Which woman do you think would be more likely to develop heart disease?', Which woman do you think would be more likely to be healthy?', and`Which women do you think would be more likely to live longer?'.
To eliminate various possible sources of bias, the questions on health and longevity using pairs of silhouette photographs were not asked immediately after the question on age estimation. Pilot studies indicated that interviewees did not recognise that the eight single silhouette photographs used in the study of age were the same as those of the four pairs used in the study of health. In addition, bias was also minimised by concealing the true purpose of these questions from the observers.
Analysis
Frequencies of men and women assessing the health associated with body size and shape of the silhouette photographs were calculated. Independent t-test was used to assess the effects of sex, body fatness and age of the subjects on the assessments of age and health status. Regression analysis was performed to determine the prediction of silhouettes' age estimated by observers from the silhouettes' waist circumference (SPSS, version 6.1.1, Illinois, USA). Figure 1 shows the silhouettes used in the study of age and health status of the eight subjects from the selected silhouette photographs, and the BMI and waist to hip ratio derived from their measured weight and height, waist and hip circumferences. Tables 1 and 2 show that both male and female observers showed similar patterns in their estimations of age of the silhouette photographs. There was no consistent evidence for the observers' own BMI or age in¯uencing their estimations of the ages of the silhouette photographs. For a given waist to hip ratio, a higher BMI in a silhouette consistently led to greater estimation of age (trio A). Similarly, for a given BMI, a higher waist to hip ratio in a silhouette led to higher estimation of age (trios B and C). Figure 2 shows that the relationship between the silhouette waist circumference and estimated age was curvilinear. Quadratic equation was used to predict the silhouettes' age estimated by the observers from the silhouette waist circumference. Silhouette ®gures with a waist circumference above action level 2 (88 cm) (Lean et al, 1995) were estimated to be more than 25 y older than a silhouette ®gure with waist circumference of 65 cm. Between waist circumferences 65± 88 cm, each cm relates to an average increase in apparent age of one year. Above this range, the gradient is less. Figure 3a shows that the relationship between hip circumference and estimated age was in the form of Vshape. A very low hip circumference (84 cm) was estimated to be as old as those with the largest hip circumferences ( b 105 cm).`Optimal' hip circumference associated with younger age appears to be around 100 cm. 
Results
Age estimation
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Assessments of health status and longevity Table 3 shows that in pair 1, matched for BMI within the ideal weight range (22.2 kgam 2 ), but different shapes, a silhouette with a waist to hip ratio 0.73 was judged to be more likely to develop heart disease than one with a waist to hip ratio 0.66 by 69% men and 74% women. Two thirds of men and women judged a silhouette with waist to hip ratio 0.66 as more likely than one with a waist to hip ratio 0.73 to be healthy and live longer. In pair 2, matched for a higher BMI in the overweight range (about 29 kgam 2 ), but different shapes, there was less evidence for differences in the judgements of health status between the two silhouettes with waist to hip ratio 0.88 or 0.71. In pair 3, matched for low waist to hip ratio (0.76) but differing in BMI, the majority of male (87%) and female (89%) observers judged the silhouette (3B) that had higher BMI 29 kgam 2 to be more likely to develop heart disease than 24.0 kgam 2 (3A), whereas more male (87%) and female (89%) observers judged the silhouette with BMI 24.0 kgam 2 more likely to be healthy and long lived. In pair 4, matched for a high waist to hip ratio (0.99), most observers judged the silhouette with BMI 29 kgam 2 to be more likely to develop heart disease than the silhouette with BMI 22.6 kgam 2 , and about 90% judged the silhouette with BMI 22.6 kgam 2 more likely to be healthy and live longer. Analysis by tertiles showed minimal in¯uences from BMI or age of the observers on these judgements about the health status or longevity of the silhouettes (data not presented).
Discussion
In this present study, age and health status were assessed by silhouette photographs, which were developed and selected to provide a variety of combinations to match body size (based on BMI) and shape (based on waist circumference or waist to hip ratio). The use of silhouettes avoids presenting other clues to age or health such as skin characteristics, hair colour or style, posture, and clothing etc. Our ®ndings support the hypothesis that the overweight (high BMI) or those with a more central fat distribution (high waist to hip ratio) are perceived to look older and judged to have poorer health and shorter life span than those with lower BMI or lower waist or waist to hip ratio.
This present study's relatively large lay observer sample of 201 men and 161 women, was broadly representative of adults in the general population, both sexes ranging in age between 28.0 ± 67.2 y, and BMI 17.1 ± 40.9 kgam 2 . In general, both sexes estimated the ®gures with higher BMI or higher waist to hip ratio as more likely to be older, with poorer health and shorter life span. There was little important in¯uence of the observers' BMI or age on these assessments. The BMI of the silhouettes 22.2, 24.0 and 29.7 kgam 2 all fell below the World Health Organization (1995) criterion for obesity (30 kgam 2 ), so the effect on age estimation was very striking: BMI increasing from 22.2 ± 29 kgam 2 , independent of the shape of the silhouettes, made them look 15± 18 y older (Table 1) . Similarly, an increase from 65 cm ± 88 cm waist circumference made women in the silhouettes look about 25 y older, or about 1 y older for every extra cm around the waist (Figure 2) . The lower limit of silhouette waist circumference is 64 cm (25 inches) and BMI 22 kgam 2 . Age estimation should not be extrapolated to ®gures below these levels, which are likely to relate to underweight.
The results from this present study (Figure 3a) showed that hip circumference has a bimodal in¯uence on age and health judgement. Both extremes of hip circumference were found to be related to the perception of ageing. This may be explicable as hip circumference represents several tissue components, dependent on the size of the hips: a small hip circumference indicates decreased muscle mass, whereas a large hip circumference indicates excess fat mass. Research into the role of muscle mass on health has been confused by the assumption that hip circumference, used in waist to hip ratio as an indicator of fat distribution, represents only gluteal (peripheral) fat mass. Figure 3 Relationship between silhouette hip circumference (a) and waist to hip ratio (b) and age of the silhouettes estimated by observers (no observers' sex difference). Each point represents the mean of 201 male and 161 female observers' estimate of silhouette age.
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The hip circumference is in fact made up of gluteal muscle and fat masses as well as the pelvic bone structure. New evidence has shown that the muscle component of the hip circumference is signi®cantly related to non-insulin-dependent diabetes mellitus (Seidell et al, 1997) and adverse lifestyle factors . Therefore small hip circumference in relation to overestimated age, as shown in this present study, supports the physiological evidence for the important role of skeletal muscle wastage in poor health. zNo difference in age estimation from tertile 1 of BMI (body mass index) or age of the subjects except: ***P`0.001, **P`0.01, *P`0.05. {A1 and B2 are the same silhouette; {No difference in age estimation from tertile 1 of BMI (body mass index) or age of the subjects except: ***P`0.001, **P`0.01, *P`0.05.
Large waist and hip circumferences both related to estimated older age. Adjusting waist for hip circumference by waist to hip ratio, showed the positive relationship continued to exist (Figure 3b ), suggesting that waist circumference is independent of hip size in the in¯uence of age estimation. The very different patterns of waist circumference (quadratic curve) and hip circumference (Vshaped curve) in relation to age estimation argue against the use of a composite index, to avoid misinterpretation.
The present ®ndings can be interpreted as showing appropriate awareness amongst ordinary citizens of the health hazards of high BMI or high waist to hip ratio. The associations of overweight and central fat distribution with a range of secondary symptoms and chronic illnesses are well documented and many develop with quite minor degrees of overweight Manson et al, 1990; Rissanen et al, 1990; Seidell et al, 1986) . The consistency of judgements based on the differences on shape in Figure 1 seems very remarkable. Judgements based on body shape may also contribute to discrimination. Using colour photographs, the attractiveness of women has been demonstrated to decline dramatically as their waist to hip ratio rises, or as their BMI moves away from a narrow range around BMI 20 kgam 2 (Tove Âe et al, 1998) . People with adverse adiposity may suffer poor mental health as a consequence of social pressure and discrimination, or poor self-perception (Staf®eri, 1967; Allon, 1979; Sobal et al, 1995) , which may contribute to poor quality of life. Severely overweight men with BMI b 34 kgam 2 and women with BMI b 38 kgam 2 have been shown to rate their current health as poorer and mood less positive than non-overweight subjects (Sullivan et al, 1993) . Overweight children as young as 9 years old have low self-esteem (Hill & Silver, 1995) . The ®ndings from this present study extends the evidence for negative perceptions of people towards those with overweight and central fat distribution which clearly operates even at levels well below the World Health Organization (1995) and National Institutes of Health (1998) criteria for obesity (BMI 30 kgam 2 ). It is therefore, perhaps not surprising that many people, irrespective of their body fatness, fear being overweight themselves or being recognised as such. This anxiety has been shown in women who attempted slimming even when they were not overweight (Seidell et al, 1986) . Since the perceptions were unaffected by the observers' own BMI however, there is some way to go before perceptions are translated into action in terms of weight reduction. Obesity is increasing in the United Kingdom and elsewhere despite both normal and overweight people perceiving the risk of increasing weight. Clever use of clothing can obscure adverse body shape, but health problems will eventually emerge.
Conclusions
This present study employing a novel method of silhouette photographs showed that overweight or central fat distribution, indicated by higher BMI or higher waist to hip ratio, are judged to look older, and to expect poorer health and shorter life span. Women with BMI 29.7 kgam 2 appear to be 15 years older than those with BMI 22.2 kgam 2 , or each extra cm on the waist made women look a year older over the range of 65± 88 cm waist circumference. Narrow hips, probably re¯ecting substantial decrease in muscle mass, or a big hip circumference, re¯ecting excess gluteal fat mass also leads to age overestimate. BMI and age of the observers had little in¯uences on the ®ndings. Translating these perceptions into self-action to reduce weight is a step further than many are willing to go. Table 3 Proportions of each member of four different pairs of female silhouette photographs, each pair matched for either BMI or waist to hip ratio, judged to be associated with heart disease, healthy or longevity by 201 and 161 men (see Table 1 and Figure 1 for body size and shape of the silhouette photographs) {The questions were asked in three separate rounds and each pair of silhouette photographs were presented randomly, in order to verify the consistency of subjects' selection of the silhouette ®gures that were associated with poor health.
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